The effect of heavy metals and pesticides on viability of miracidia stage of Fasciola hepatica was investigated. The experimental groups with chemicals were compared with the untreated control group. After 16 days of exposure, the groups contained Cr, Zn, CdZn, exhibited decreased motility of miracidia inside the egg shells. In the groups which contain AGCr, GCdZn, CdCrZn and AGCdCrZn no effect on movement of emerged miracidia were observed. In the rest of the groups immobile or dead miracidia inside the egg shells have been identified. The possible protective effect of zinc on miracidia of Fasciola hepatica is discussed.
Introduction
Intensive agricultural production involves higher use of pesticides, in particular fungicides and herbicides, resulting in a higher burden on ecosystems. Growing environmental pollution calls for a focused interest in identifying the effects of interaction of various kinds of pollutants on living systems. The effect of heavy metals on sheep infected by gastro-intestinal nematodes has been studied previously (Krupicer, 1995; Krupicer et al., 1996) . Investigation of interaction between pesticides and heavy metals, major contaminats of agricultural environment, on various growth stages of parasites contribute to better assessment of environmental status in rural areas. Negative effects on nontarget beneficial species as well as improvement of conditions for better viability of parasites and their growth stages, increasing the risk of the development of resistance to anthelmintics (Čerňanská et al., 2006; Várady et al., 2007; Dolinská et al., 2012) and will provoke a dramatic alteration of the structure and functioning of the agricultural ecosystem. The goal of this study was to investigate the ef-..... fects of azoxystrobin, glyphosate and selected heavy metals on viability of miracidium stage of Fasciola hepatica.
Material and methods
The experimental samples were divided into 25 exposed groups and control group was also included ( -azoxystrobin with concentration of 0.2 mg.l -1 separately and in combinations. All experimental solutions were diluted in distilled water. The sexually mature Fasciola hepatica were collected from livers of Cervus elaphus montanus. Adults of parasites were kept in the test tubes with Ringer's solution, until the eggs were released spontaneously. The eggs were kept in the dark at 4 C until the examination. A 60 µl of distilled water with considerable amount of eggs Fasciola hepatica were put in a depression slides. The same volume of solution with double concentration (Table 1 ) was added to a well, mixed properly and cover with coverslip. Before the experimental study the thermostat was subjected to disinfection (Kočišová, 2005) . Slides were kept in the dark at 28 °C (27.9 -28.5 °C) for 16 days. The relative humidity was maintained to 100 %. Each experimental set consisted of 5 depression slides with three hollows (15 replicates per group). Viability/movement of miracidia stage of Fasciola hepatica was observed by light stereomicroscope (DMS 5.0 FBGG) with high resolution digital video camera (OPTIKAM PRO 5, OPTIKA vision 3.6 software). HELMINTHOLOGIA, 50, 4: 287 -290, 2013 Research Note 
Results and discussion
The results of the motility/movement of the miracidia stage of Fasciola hepatica are shown in Table 2 . In the control groups miracidia of Fasciola hepatica exhibited free movement of emerged miracidia in the microscopical preparation inside the egg shells. In the groups containing A, G, Cd, AG, GCd, GCd, GCr, GZn, CdCr, CrZn, AGCd, AGZn, GCdCr, GCrZn, AGCdCr, AGCdZn, AGCrZn, GCdCrZn immobile or dead miracidia inside the egg shells were identified. The groups containing Cr, Zn, CdZn exhibited reduction of motility/movements of non-emerged miracidia inside the egg shells. No differences in the movement between control groups and groups containing AGCr, GCdZn, CdCrZn, AGCdCrZn were observed. No reduction of the movement of miracidia was observed in groups containing zinc separately and cadmium and zinc. Our observation would confirm well-known antagonistic effect between zinc compounds and cadmium (Koreneková, 2002; Kottferová, 2001; Dvořák, 2000) . The viable miracidia have been also identified in groups containing chromium separately and groups with chromium (AGCr, CdCrZn, AGCdCrZn). Cadmium is a toxicologically relevant substance contaminating the environment. The primary site of the harmful effects of cadmium is cell membranes which lose their structural and functional properties (Kobroob, 2012) . It inhibits the activity of numerous enzymes (Pathak, 2013; Kottferová, 2001 ). The biological antagonism of cadmium and zinc has been described (Liu, 1992) . Chromium is a biogenous element with effects on sugar and lipid metabolism. It's compounds cause protein coagulation and have corrosive effects (Kottferová, 2002) . Zinc has significant affinity to nitrogen and sulphur containing ligands. In biological systems it can be found in relation with many organic substances such as proteins, aminoacids and nucleic acids. Zinc is an important biogenous element and an integral part of many metaloenzymes (Sousa, 2007) . Azoxystrobin, is one of the most used fungicide with a wide spectrum of effects to control major kinds of pathogeneous moulds, in particular of genus Ascomicetes, Basidiomycetes, Deuteromycetes and Oomycetes. It inhibits spore germination and mycelium growth (Clough, 1996) . It ranks among the globally most widely-used fungicides. It is a derivative of naturally-occurring strobilurins. Their biochemical mode of action is inhibition of electron transport (U.S. EPA, 1997). Azoxystrobin is characterized as a substance hazardous for fish as well as other aquatic life. EC 50 = 259 ppb makes it highly toxic for freshwater invertebrates such as the water flea. (US EPA) In an aquatic environment it is degraded through adsorption in sediments and subsequent microbial degradation. (Syngenta Group, 2005) The half-life of photolytic degradation of azoxystrobin in an aquatic environment is 11 to 17 days. Glyphosate was found in streams following agricultural, forestry and urban application. Fish and aquatic invertebrates are more sensitive to glyphosate effects than terrestrial organisms. (Cox, 2000) The EU classified Roundup (Plant protection product containing glyphosate as an active substance) as R51/53 Toxic to aquatic organisms, may cause long-term adverse effects in the aquatic environment (Giesy, 2000) .
Conclusion
Viability of miracidia of Fasciola hepatica was investigated after exposure to cadmium chloride, potassium dichromate, zinc sulfate, glyphosate and azoxystrobin separately or in their combinations. Groups containing zinc (Zn) and cadmium (Cd) showed better viability of miracidia of Fasciola hepatica. The explanation of that phenomenon may be the well-known effects of zinc that include reduction of harmful effects of cadmium.
